Abstract-Recently introduced Colonial Competitive Algorithm (CCA) has shown its excellent capability on diverse optimization tasks. This optimization algorithm is inspired by socio-political process of imperialistic competition. In this study a uniform linear array (ULA) adaptive antenna that uses this global search heuristic is developed. The obtained results are compared with those of a Genetic Algorithm (GA) and Least Mean Square (LMS). The evolutionary algorithms are applied to the problem of beamforming in two separate parts based on minimizing signal-to-interference-plus-noise-ratio (SINR). First the antenna array is considered static. In the second part the antenna is assumed to be dynamic and is moving with a constant speed that an optimization task with a cost function varying over the time. The results show not only GA and CCA perform better than LMS in both parts, but also CCA outperforms GA and LMS in these parts.
I. INTRODUCTION
Smart antennas have been widely used in the wireless communication systems and are proposed as a solution to enhance the capacity of the system [1] . They are also considerable due to their potential for decreasing the interference, improving quality of service [2] , enhancing power control, and extending battery life in portable units of these systems. In an adaptive antenna system, developing efficient algorithms is crucial for estimating the Direction of Arrival (DOA) of all impinging signals and adaptive beamforming [3] . Fig. 1 shows an adaptive beamforming system. This paper focuses on beamforming algorithm for obtaining excitation weights that are shown as W 1 , W 2 , …, W N-1 in Fig. 1 such that the maximum pattern of the antenna and nulls are formed toward the desired and interference signals respectively. For obtaining optimal excitation weights, some of classic algorithms such as Least Mean Square (LMS), Recursive Least Square (RLS), and Normalized Least Mean Square (NLMS) are based on training sequence. Some other techniques that don't require training sequence are differentiated from the blind adaptive algorithms such as Bussgang and adapting is performed to restore some known property of received signal [4] .
Evolutionary algorithms, such as Genetic Algorithms (GA), Particle Swarm Optimization (PSO) and simulated annealing are a set of algorithms that are suggested in the past decades for solving optimization problems in different fields. These methods are also applied to smart antenna related problems, recently [5] [6] . Colonial Competitive Algorithm (CCA) is a new socio-politically motivated optimization algorithm that has recently been introduced for solving different optimization problems. This evolutionary optimization strategy has shown great performance in both convergence rate and better global optima achievement [7] . Nevertheless, its effectiveness, limitations and applicability in various domains are currently being extensively investigated. In this paper CCA is applied to solve the beamforming problem in a smart antenna system. In addition to static optimization, we have also used this algorithm for dynamic beamforming, and compared it with GA. Dynamic beamforming leads to the optimization of a cost function that is varying over the time.
This paper is organized in the following sections: section 2 briefly describes the Uniform Linear Array's (ULA) structure and the LMS algorithm. Section 3 states the problem of beamformin that is going to be solved by CCA and GA. A brief description of CCA is given in section 4. Simulation and comparisons results are shown in section 5 and finally, conclusion is presented.
II. UNIFORM LINEAR ARRAY STRUCTURE
A uniform linear array that is shown in Fig. 2 , has N elements, numbered 0,1,…,N-1, with inter element spacing of half wavelength. Signal s(t) is carried by propagating wave that is received by each element of the array at a different times [1] . The difference in the time of arrival at the zeroth and the nth element is converted to phase difference between these elements. Having signal s(t), the received signal at the nth element, x n [k] , can approximately be stated in the following form.
[
Where d is the distance between two consecutive elements and  
is the uncorrelated noise in nth element at time k. In matrix notation, (2) can be rewritten as:
3) The columns of the matrix A show the steering vectors of the impinging signals. Regarding different angels of arrival, this matrix is linearly independent. With respect to the fact that an adaptive antenna array updates the excitation weights to place maximum beam pattern toward desired signals and the nulls toward the undesired ones, an iterative algorithm for this purpose will be beneficiary. One of the most popular adaptive algorithms that is a temporal-reference beamformer, is LMS. In this method the training sequence carried by the Signal of Interest (SOI) is used to adaptively adjust the complex weights to minimize the difference between the array output, y[k] and the training sequence, d [k] . Thus, the LMS algorithm, that minimizes Mean Square Error (MSE), computes the complex weights k W iteratively, using
Where μ is the step size and * indicates complex conjugation. Also, e[k] is the difference between array output and the training sequence given by
III. PROBLEM STATEMENT
The LMS method tries to compute the complex weights to minimize the MSE. Another criterion for computing the mentioned weights is to maximize the signal-to-interferenceplus-noise-ratio (SINR) [8] . In this paper we use two evolutionary methods to reach this goal. First a Genetic Algorithm is applied to this problem. Then a new optimization algorithm called Colonial Competitive Algorithm is deployed to adjust the weights. Assume that the total signal received by antenna is in the following form
Where
are the desired, interference and noise signals respectively. Regarding the array output as given by (5), the total power delivered to the received signal to the array will be
Where the superscript T denotes the transpose and P d is the total power delivered to the desired signal and P u is the total power resulting from both interference and noisy signals. The design objective is to form the beam so that the SINR achieved by the array is maximized. SINR is defined as
Where d  and u  are the desired and undesired signal covariance matrices. Since u  is not known parameter, by
, the design objective function can properly be stated in the following form.
We apply the GA and CCA to adjust the weights so that the objective function is maximized. GA has been recently used to optimize many nonstandard arrays. They are capable of optimizing nonlinear multimodal functions of many variables. They robustly find global or very strong local optima [9] [10] [11] . Moreover, numerical experiments indicate that these algorithms are good solutions to difficult antenna array optimization problems and they can reach to the optimal form very quickly; even in time comparable to that taken by analytical methods such as steepest descent [12] . The recently introduced CCA [7] has been used to solve many optimization problems in different fields. In [13] it has been used to design an optimal controller which not only decentralizes but also optimally controls an industrial Multi Input Multi Output (MIMO) Evaporator system. In [14] CCA is used for reverse analysis of an artificial neural network in order to characterize the properties of materials from sharp indentation test. In order to find the optimal priorities for each user in recommender systems, [15] uses CCA in "Prioritized user-profile" approach to recommender systems, trying to implement more personalized recommendation by assigning different priority importance to each feature of the user-profile in different users. Next section of the paper provides a brief description of CCA.
IV. BRIEF DESCRIPTION OF COLONIAL COMPETITIVE ALGORITHM
CCA is a novel global search heuristic that uses imperialism and imperialistic competition process as a source of inspiration. Fig. 3 shows the pseudo code for this algorithm. This algorithm starts with some initial countries. Some of the best countries are selected to be the imperialist states and all the other countries form the colonies of these imperialists. The colonies are divided among the mentioned imperialists based on their power. After dividing all colonies among imperialists and creating the initial empires, these colonies start moving toward their relevant imperialist state. This movement is a simple model of assimilation policy that was pursued by some imperialist states [7] . Fig. 4 shows the movement of a colony towards the imperialist. In this movement, θ and x are random numbers with uniform distribution as illustrated in equation (11) and d is the distance between colony and the imperialist.
x~U(0, β×d), θ~U(-γ, γ) (11) Where β and γ are arbitrary numbers that modify the area that colonies randomly search around the imperialist. In our implementation β and γ are 2 and 0.5 (rad), respectively. The total power of an empire is defined by the power of imperialist state plus a percentage of the mean power of its colonies. In imperialistic competition, all empires try to take possession of the colonies of other empires and control them. This competition gradually brings about a decrease in the power of weaker empires and an increase in the power of more powerful ones. This competition is modeled by just picking some (usually one) of the weakest colonies of the weakest empires and making a competition among all empires to possess these (this) colonies. Fig. 5 shows a big picture of the modeled imperialistic competition. Based on their total power, in this competition, each of empires will have a likelihood of taking possession of the mentioned colonies. The more powerful an empire is, the more likely it will possess these colonies. In other words these colonies will not be certainly possessed by the most powerful empires, but these empires will be more likely to possess them. Any empire that is not able to succeed in imperialist competition and can not increase its power (or at least prevent decreasing its power) will be eliminated.
The imperialistic competition will gradually result in an increase in the power of great empires and a decrease in the power of weaker ones. Weak empires will lose their power gradually and ultimately they will collapse. The movement of colonies toward their relevant imperialists along with competition among empires and also collapse mechanism will hopefully cause all the countries to converge to a state in which there exist just one empire in the world and all the other countries are its colonies. In this ideal new world colonies have the same position and power as the imperialist.
V. IMPLIMENATION AND SIMULATION RESULTS
In this section, CCA is used to determine the weights in the adaptive antenna array. The performance of the new algorithm in adaptive beamforming of correlated wide-band signals is compared with the conventional GA and the LMS methods. In the example studied in this paper, two complex sinusoid are assumed to be received by an array of 8 elements with spacing, λ/2, where λ is the wavelength of the operating frequency of the signal. The first target is a SOI training signal by a radial frequency 0.05π impinging at 50 and the second target is an interference signal impinging at -25 with radial frequency 0.1π. In addition, an additive Gaussian noise is added at the signal-to-noise ratio (SNR) of 5 dB [1] . To maximize SINR, two evolutionary methods, CCA and GA are applied to this problem. Fig. 6 shows the minimum costs of CCA and GA versus iterations. The cost function going to be minimized is considered to be the inverse of The SINR. Variation in the minimum cost of GA vs. iterations is due to the noise involved in the cost function. To decrease the effect of the noise on the cost function, for each array form the cost function is averaged for 30 different noise sets. Finally the obtained cost function for GA and CCA are 1.08 and 1.075, respectively. 2) Move the colonies toward their relevant imperialist (Assimilation).
3) If there is a colony in an empire which has lower cost than that of the imperialist, exchange the positions of that colony and the imperialist. The results obtained by the proposed algorithm and its comparison to GA and LMS are shown in Figs 7 and 8. It is clear from Fig. 6 that the GA has better convergence properties than LMS, especially in interference point. Also, comparison between GA and CCA algorithms indicates that CCA excels GA and LMS.
Also assuming that the cost function of GA and CCA is changing over time, these two methods are used to determine the weights in a dynamic adaptive antenna array. In this way, it is assumed that only the location of the desired user is changing over time and the interference signal is considered static. The reason for this assumption is that the interferer DOAs may change from burst-to-burst with frequency hopping, dynamic channel assignment, and discontinuous transmission [16] . The dynamic model is shown in Fig. 9 .
In this model the mobile station moves from point 1 to point 2 at constant speed V and direction θ that is the angle between line connecting the mobile and incoming signal respect to vertical line at BS. So, it's observable that the beam would be steered an angle dθ to keep tracking the mobile during the progress of the call. V
Where r is the cell's radius, dω is angular velocity, dT is the updating interval and dθ is also typically some degrees by considering beamwidth. By updating the angle of arrival, θ, we will have the dynamic beamforming. In this part it is supposed that the SOI training signal arrives at 30 and the interference signal impinges at -60. Having V=288 km/h, r=500 m and after 3.98 seconds, it is clear that the beamwidth should steer 37˚. The tracking ability of the two methods is shown in Figs 10 and 11 . It is clear from Fig. 10 that CCA traces the interference point better than GA even at the start of the movement.
VI. CONCLUSION
Given a known signal and the angle of incidence of signals, in this study, the problem solving is based on finding the excitation weights to form maximum beam pattern to desired signal and null to interference ones. For this purpose, this paper used two evolutionary algorithms to adapt the antenna array by maximizing the SINR. Besides the conventional Genetic Algorithm, in this paper a recently introduced evolutionary strategy, Colonial Competitive Algorithm, is applied to problem of beamforming. The simulation is done in two separate parts. At the first step of simulation, both CCA and GA are used to optimize the static antenna array. Then assuming that the antenna is moving while optimizing the array, these two algorithms are applied to mobile applications with constant speed. The results show that both of the evolutionary algorithms can successfully form the antenna array and they both perform better than LMS algorithm. However, CCA outperforms the GA in both the problems, static and dynamic. 
